NUHTD6 
ISSN: 0149-5720 


NUMERICAL 
HEAT 
TRANSFER 


An international Journal of 


Computation and Methodology 


VOLUME 12 1987 


* 
i 
i 
; 
4 


19 


41 


57 


83 


101 


121 


137 


157 


179 


197 


CONTENTS OF VOLUME 12 
NUMBER 1 


Numerical Method for One-Dimensional Two-Phase 
Flow Timo Siikonen 


PC Solutions for Heat Transfer and Fluid Flow Downstream 
of an Abrupt, Asymmetric Enlargement in a Channel 
E. M. Sparrow and W. Chuck 


Finite-Difference Analysis of Growth and Decay of a 
Freeze Coat on a Continuous Moving Cylinder F. B. 
Cheung and S. W. Cha 


Numerical Solution of Laminar Flow Past a Sphere with 
Surface Mass Transfer J. M. Conner and S. E. 
Elghobashi 


Thermal Instability in a Horizontal Fiuid Layer Superposed 
on a Heat-Generating Porous Bed Dimos Poulikakos 


Natural Convection in a Semielliptic Cavity 
Ernesto Martin del Campo, Mihir Sen, and Eduardo Ramos 


Analysis of Natural Convection in a Cylindrical 
Enclosure Durn-Yuan Huang and Shou-Shing Hsieh 


NUMBER 2 


Development of Laminar Mixed Convection Flow in a 
Horizontal Rectangular Duct with Uniform Bottom 
Heating H. V. Mahaney, F. P. Incropera, and 

S. Ramadhyani 


Effects of Open Boundary on Incompressible 
Navier-Stokes Flow Computation: Numerical 
Experiments Wei Shyy 


Heat Transfer in Flow Past Cylinders at Re < 150—Part I. 
Calculations for Constant Fluid Properties Michael Wei 
Chang and Bruce A. Finlayson 


Heat Transfer in Flow Past Cylinders at Re < 150—Part Il: 
Experiments and Theory for Variable Fluid Properties 
Michael Wei Chang, Bruce A. Finlayson, and Charles A. 
Sleicher 


- 4 

1 

ig 

q 

| 


NUMERICAL HEAT TRANSFER 


An international Journal of 
Computation and Methodology 


Editor-in-Chief 
W. J. MINKOWYCZ 
University of Illinois at Chicago 
Department of Mechanical Engineering 
Chicago, Illinois 60680 
(312) 996-3467/5317 


Assistant to the Editor-in-Chief: R. M. Szandra 
EDITORIAL ADVISORY BOARD 


E. M. Sparrow, Chairman 
Minneapolis, Minnesota 

A. J. Baker, Knoxville, Tennessee Y. Jaluria, Piscataway, New Jersey 
B. Berkovsky, Moscow, USSR S. Kotake, Tokyo, Japan 
T. Cebeci, Long Beach, California B. E. Launder, Manchester, UK 
B. T. Chao, Urbana, Illinois S. V. Patankar, Minneapolis, Minnesota 
T. C. Chawla, Argonne, Illinois D. W. Pepper, Aiken, South Carolina 
P. M. Chung, Chicago, Illinois R. H. Pletcher, Ames, Iowa 
S. W. Churchill, Philadelphia, Pennsylvania G. D. Raithby, Waterloo, Ontario 
G. Comini, Udine, Italy P. J. Roache, Albuquerque, New Mexico 
G. de Vahl Davis, Kensington, Australia W. M. Rohsenow, Cambridge, Massachusetts 
E. R. G. Eckert, Minneapolis, Minnesota G. E. Schneider, Waterloo, Ontario 
A. F. Emery, Seattle, Washington T.-M. Shih, College Park, Maryland 
B. A. Finlayson, Seattle, Washington D. B. Spalding, London, UK 
T. Fujii, Kasuga, Japan J. F. Thompson, Mississippi State, Mississippi 
B. Gebhart, Philadelphia, Pennsylvania C. L. Tien, Berkeley, California 
J. Gosse, Paris, France K. E. Torrance, Ithaca, New York 
E. Hahne, Stuttgart, FRG O. C. Zienkiewicz, Swansea, UK 


AIMS AND SCOPE: Numerical Heat Transfer seeks ts provide a forum for papers dealing with the methodology and with the 
results of numerical solutions of problems in heat and mass transfer and in related fluid flows. The methodology papers should 
describe new or improved formulations of numerical schemes and/or innovative solution techniques. Papers concerned with 
inputs to the numerical treatment of heat/mass/fluid flow problems, for instance, mathematical modeling of complex physical 
processes, are also within the scope of the journal. The journal will also publish papers that present results of numerical 
solutions of heat/mass/fluid flow problems. These results should convey new findings for problems relevant either to basic 
research or to applications. 


EDITORIAL AND BUSINESS STAFF: Barbara A. Bodling, Editor-in-Chief; Elizabeth D’Costa, Subscriptions Manager. 


SUBSCRIPTION RATES (Eight issues per year in two volumes): Institutions—North America $389.00 per year, elsewhere 
$407.00 per year. In order to facilitate the availability of this journal to individuals at a reduced rate, those persons whose 
affiliated library has subscribed may order a subscription at the special discount rate of $79.50 per year ($97.50 outside North 
America). To qualify for this discount, the individual’s institutional library must be identified on the order card. The special 
reduced rate is available to individuals not affiliated with an institution, but a statement to this effect must appear on the order 
card. Individual subscriptions must be accompanied by a personal check or money order. 


SUBSCRIPTION SERVICE: Shipments will be made only upon receipt of payment. All orders and communications related 
to subscriptions (outside of Japan), including notifications of change of address, should be sent to Subscriptions Department, 
Hemisphere Publishing Corp., 79 Madison Ave., New York, NY 10016; phone (212) 725-0772. In Japan, please contact 
Noriko Uda, Woodbell Scope, Inc., Mansui Bldg., 9-18, Kanda-Surugadai 2-Chome, Chiyoda-Ku, Tokyo, 101 Japan. Change 
of address notices should provide the old as well as the new address, including zip code number. Changes will become 
effective within approximately 20 days. Missing copies will be replaced only if valid claims are received within 90 days from 
date of mailing. Replacements will not be allowed if the subscriber fails to notify the publisher of a change of address or if a 
copy is misplaced at destination. Request for refund will be honored only prior to delivery of issue number 1 of each volume. 


Copyright © 1987 by Hemisphere Publishing Corporation. All rights reserved. Printed in the United States of America. 

Numerical Heat Transfer is owned and published by Hemisphere Publishing Corporation. Authorization to photocopy items for 

internal or personal use, or the internal or personal use of specific clients, is granted by Hemisphere Publishing Corporation 

for libraries and other users registered with the Copyright Clearance Center (CCC) Transactional Reporting Service, provided 

Saaeeaas of _ per copy plus .00 per year is paid directly to CCC, 27 Congress St., Salem, MA 01970.  0149- 
+ 


NUMERICAL HEAT TRANSFER: An International Journal of Computation and Methodology (ISSN 0148-5720) is published 
monthiy (except May, Aug., Nov., and Feb.) in two volumes for $389.00 per year (libraries and institutions) or $79.50 per 
year (individuals) by Hemisphere Publishing Corporation, 1010 Vermont Ave., N.W., Washington, DC 20005. Second-class 
postage paid at Washington, DC and additional mailing offices. POSTMASTER: Send address changes to NUMERICAL 
HEAT TRANSFER, Hemisphere Publishing Corporation, 79 Madison Ave., New York, NY 10016. 


HEMISPHERE PUBLISHING CORPORATION 
A subsidiary of Harper & Row, Publishers, Inc. 
1010 Vermont Ave., N.W., Washington, DC 20005 
Phone (202) 783-3958 


| | 4 
1 
4 
: 
: 
: 


NUMBER 4 


A Control-Volume Finite-Element Method for Predicting 
Flow and Heat Transfer in Ducts of Arbitrary Cross 
Sections —Part |: Description of the Method 

C. Prakash and S. V. Patankar 


A Control-Volume Finite-Element Method for Predicting 
Flow and Heat Transfer in Ducts of Arbitrary Cross 
Sections —Part II: Application to Some Test 

Problems C. Prakash and S. V. Patankar 


Cubic Spline Numerical Solution for Two-Dimensional 
Natural Convection in a Partially Divided 

Enclosure Heiu-Jou Shaw, Cha’o-Kuang Chen, and 
J. W. Cleaver 


On Finite-Difference Solutions of the Heat Equation in 
Spherical Coordinates Jules Thibault, Simon Bergeron, 
and Hugues W. Bonin 


Turbulent Momentum and Heat Transport in 
Square-Sectioned Ducts Rotating in Orthogonal 
Mode H. lacovides and B. E. Launder 


Induced Flow in Uniformly Heated Vertical Annuli with 
Rotating Inner Walls M. A. I. El-Shaarawi and 
M. Khamis 


Similarity Solution for an Axisymmetric Turbulent Buoyant 
Plume in a Stratified Environment Dale B. Taulbee 


Announcement 
FOLLOWING PAGE 523: 


Title Page to Volume 12 
Contents of Volume 12 
Author Index to Volume 12 
Subject Index to Volume 12 


413 


Laminar and Turbulent Natural Convection within 
Irregularly Shaped Enclosures John P. Coulter and 
Selcuk |. Giigeri 


Heat and Mass Transfer in Mixed Convection over a 
Horizontal Plane Ho-Ming Yeh, Shau-Wei Tsai, and 
Chi-Chain Yang 


Effects of Boundary Conditions on the Flow and Heat 
Transfer in a Rotating Disk Chemical Vapor Deposition 
Reactor G. Evans and R. Greif 


Transient Temperature Distribution in a Thick Annular Disk 
with Transversely Anisotropic Thermal Conductivities 
Sunil K. Sinha 


NUMBER 3 


Steady and Transient Least Square Solvers for Thermal 
Problems Joe Padovan 


Flow through a Converging-Diverging Tube with Constant 
Wall Enthalpy Vijay K. Garg and P. K. Maji 


Computation of Incompressible Turbulent Flows by an 
Opposed-Differencing Scheme Marcelo Reggio, 
Mohamad Agouzoul, and Ricardo Camarero 


Hyperbolic Heat Conduction with Radiation in an 
Absorbing and Emitting Medium D. E. Glass, 
M. N. Ozisik, and D. S. McRae 


Numerical Computation of Laminar Separated Forced 
Convection on Surface-Mounted Ribs Shou-Shing 
Hsieh and Durn-Yuan Huang 


Nonparallel Wave Instability Analysis of Boundary-Layer 
Flows S. L. Lee, T. S. Chen, and B. F. Armaly 


Free Convection Heat Transfer between a Permeable 
Vertical Wall and a Power-Law Fluid Tian-Yih Wang 
and C. Kleinstreuer 


A Practical Time Integration Method for the Transient Heat 
Conduction Equation Chung-Whee Kim and P. V. Desai 


Announcements 


229 
43 
63 
32 
335 
367 


